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0 Semiconductor device having Intermediate layer tor pinching off conductive path during reverse 
bias appllcatkMn. 



0 A semiconductor device compri^ng a semiconchjctor substrate (30) having two ma}or surfaces, cathode 
electorde film (32) fwmed on tiie first ws^ surface of the substrate (30), and anode electrode film (34) made of 
a SchottlcHbarrier metal such as titanium (Ti. i^. V). fomied on the second major surface of the substrate (30). 
The substrate (30) is formed of an N*-type layer (36) fbnned on the cathode electrode film (?2). an type 
layer (38) fomied on the N'-type layer (38). an fr-4ype layer (40) formed 

an impurity concentration lower than that of the hT-type layer (38), and an N-'-^ype layer (42) interposed 
b^ween the N— -type layer (40) and the anode electrode film 04). The device further comprises a plurality of 
P*-type areas (46) fonned In the second major surface of the substrate (30). contacting tf^ film 
(34) and extending through the N^-type layer (42) and the N" -type layer (40) Into the N^-type layer C38). When 
a forward tiiss is applied to the device* a cunrent flows from the anode electrode film (34), passes through the 
rr--, ir- and the N*-type layers (42, 40. 38, 36), and flows out of the cathode electrode film C^). When a 
reyer^ bias is applied to the device, the deptetion layer formed around the junction between each P ^type area 
]5i (4«) and the N— 4ype 12^^^ 

^of ttie cunenL As a result, the fkwr of a reverse leakage cunrent is suppressed. 
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Semiconductor device having Mermediate layer for pinching off condudtve path during reverse bias 

appBcatfon 



The present invention relates to a semicondtictor device comprising a Schottky banier diode wherein a 
PN junction is fbnned on a semicondtictor layer located below a barrier metal film, and more particulfuriy. to 
a semiconductor device having an intermediate semiconductor layer Ibr pinching off a conductive path 
during the appfication of a reverse bias. 

5 Recently, most components of electronic apparatuses are ICs. and the power-supply devices incor- 
porated in these apparatuses are generally switching regulator which are small and Kght and also operate 
with high effictency. Most of the switching regulators have a Schottky Barrier Diode SBD rectifier used as 
(Mitput rectifying element The SBD rectifier is has a small forward volts^ drop Vf and a short reverse- 
recovery time. However, the JBS rectifer now widely used is (fisadvantageous in two respects. f=irst. a 

TO relatively large reverse lealcagecurrem flows b ft. Second, its re^ 

A new type of a SBD rectifier has been developed in which a small reverse tealcage cunrent flovifs, and 
whose reverse breakdown voltage Is sufficientiy high. (See Published Bcamlned Japanese Patent Applica- 
tion No. 5e*35183.) Such a rectifier is called JuiKtton Baniers Schottky (JBS). As is shown in Rg. 1. the 
substrate 10 of this JBS rectifier comprises an N^-type silicon layer 12. an N--type silteon layer 14 fonmed 

15 on the layer 12 by means of epitaxial growth. Metal electrode film 16 is fbnned on the tower surface of the 
layer 12. A piurality of P^-type siPicon areas 18 are formed In the upper surfece of the layer 14. Oxide film 
20 having an opening is formed on the upper surface of the layer 14. Metal film 22, ftMr example, chromium 
film, whk:h forms a Schottky banrier. is fbnned partly on the exposed portion of the layer 14 and partly on 
the oxide film 20, as is illustrated in 1. The areas 18 are spaced apart from one another, for such a 

20 distance that depletkin layer which they are connected by a extend^ 
voltage are applied to the layer 16 and the film 22, respectively. 

When a forward voltage is appfied to the JBS rectifier shown in Rg. 1, most of a forward current flows 
through the Schottky banrier formed of the metal film 22 and the rr-type silicon layer 14. as Is shown by 
arrows A. Hence, the fbrward voltage drop In this JBS rectifier is nearly equal to that In the ordinary 

25 Schottky diode which has no P*-type dDcon areas. 

A ctepletion layer 24 is formed in the PN junction comprised of the N~-type silteon layer 14 and the P - 
type sificon area ia As the reverse bias Is increased, the their depletion layer 24 connects one another. 
The joind depletton layer 24' causes to control the reverse leakage cunent to decrease. As a result, the 
^ rever^Kurrent characteristic of the JBS rectifier becomes simiiar to that of a PN junctkm diode, and the ' 

30 breakdown voltage of the JBS rectifier Is improved. 

If the reverse bias applied to ttw JBS rectifier is too kyw, depletkm layers 24 cannot be connected to 
each other. Hence, the reverse leakage cunrent, whkii flows through the Schottky banrier fonned of the N~- 
silicon layer 14 and the metal ffim 22, is not much nnfluenced. The reverse-cunrent characteristk: of the 
JBS rectifier cannot be greatly Improved until the reverse bias increases so much fliat the depletfon layer 

35 24 connects one another. 

f=tg. 2 is a sectional view showing the JBS rectifier disck>sed in Published Unexamined Japanese Patent 
Appfication Na 60-74582 and also in by B J. Baliga, IEEE, Bectron Devk» Letter. Vol. DEL-5, No. 6. 1984. 
pp. 194-196. As is shown in Rg. 2, wherein the same reference numerals are used, denoting the elements 
Identical or similar to those iHustrated in Rg. 1. a phirafity of PN Junctions is formed In the surface of that 

40 portion of a semicondiK:tor substrate 10 on which banier metal film 22 is formed. 

- - ..-V, ,r t The senuconductor substrate 10 is made of an N*-type silicon layer 12 and an N--type silicon«layer 14; - ^ « . f ^-..^a.r .^r^v .i.n-r; % 

The barrier m^ film 22 Is made of aluminum. Generally, it Is necessary to form a thin N^-type silicon 
layer In the siarfece of N'-^ype sIGcon layer 14 by means of ion implantatk)n. thereby to reduce the hight of 
the Schottky barrier formed of N^-type silicon layer 14 and the metal film 22. In the JBS rectifier shown in 

4s Rg. 2, such a tiUn N^^type sificon layer is notjformed since the film 22 is made of metal (ex. Ti. Mo. V) 
wfMi has a tow Schottk^banrier property. A pluramy of P^-type sificon areas 18 are formed in flie upper 
surface of a portion of the N--type sificon layer 14. A guard ring 26 Is fbnned on the layer 14, sunouncfing 
th^ portkxi of the layer 14. The guard ring 26 Imparts an adequate breakdown voltage to the JBS rectifier. 

^ ^ When a fbrwanj bias is applied to the JBS rectifier, depletton layers 24 are formed, each being an PN 

so junction between a P^-type sificon areas 18 and the N'-^ype silicon layer 14. The depletion layers 24 are 
not connected to one another when a forward bias is appfied to the JBS rectifier. In other words, the 
deplefion layers 24 are spaced apart by a gap 28 as is indk:ated by broken fines in f=ig. 2. thereby altow the 
passage of a fbrward cunrent When a reverse bias is applied to the JBS rectifier, a single depletion layer 
24' is formed as is indteated by the one-dot one-dash fines. This deptotion layer 24' prevents the passage 
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The JBS rectffier shown In Ftg. 2 is hasicaDy the same as that JBS rectifier shown In Rg. 1. In both 
structure and function, but cfifferenl In that the P*4ype silicon areas 18 are spaced from one another by 
such narrow gaps that they are connected together to reduce the reverse leak current virtien the reverse 
5 bias Increases over a small value, for example a few volts. ^ 

The N--type silicon layer 14 has an Impurity concentration of. for example. 10^« atoms/cm^. The P - 
type siHcon areas 18 are arranged at ttie Intervals of 6 um. Each P*-type silicon area 18 has a square 
upper surfece contacting the metal film 22, each side being 5 um long, and has a depth of about 2 um. 
When a reverse bias Vr is 0 V. the depletion layers 24 has thickness of 0.35 um. and each portion of the 
10 isr-type siHcon layer 1 4. whteh is Interposed between the two adjacent P*-type silfcon areas 1 8. has a width 
of 1 um. 

The JBS rectifier shown in Rg. 2 fe identfcal to the JBS rectifier shown In Rg. 1. except ttiat more P - 
type stficon areas 18 contact the barrier metal film 22. In either JBS rectifier, the layer of ttie Schotticy 
^motion defined by the banrier metal film 22 and those porltons of the N--type layer 14 which contact ttie 
T5 tnm 22 is less tiian the total surface layer ofthel4bythesumofthe layers off the P -typo areas 18. As 
has been pointed out, mat portion of the ir--type silkxm layer in ^w^ 

a surfece area of 38 um* (=6x6 um), and each P*-type silicon area has a surface area of 25 urh^ (= 5 
X 5 um). The surface area off each P*-type silicon area is 30.6% off the surface area off are upper surface of 
that portion off the N--type silicon layer In which P*-type sIBcon area Is formed. This means that the current 
20 efffidency of the substrate Is not so high for the pellet size of the JBS rectifier. 

One off the methocte of increasing the cunent efficiency of tiie substrate is to reduce tiie surface areas 
of the P*-type silicon areas smaller. However, a reduction of the reverse breakdown voltage Vb must be 
prevented despite of ttie curvature off the PN junction, thereby to^maintain the breakdown voltage Vb 
suffidentiy high. To maintain a sufffidenl breakdown voltage Vb, a P -type Impurity must be diffused into 
25 the N--type siKcon layer to a relatively great deptti. When the P*4ype impurity Is so cfiffused feito the N"- 
type sificon layer, it is also cfiffused in hodzontal direction, inevHabty expanding ttie surface area of each P - 
siKcon area. The surface area of each P*-type stficon area can hardly be reduced as much as is 
desired in order to Increase the cunent efficiency off the sut>strate. 

Rg. 3A represents the cross section which each depletion toyer 24 has when a reverse Was of 0 V is 
30 applied to the JBS rectifier shown In Rg. 2, and Rg. 3B Illustrates tite distribution of electnc charge p. the 
distribution off electric fleW E, and the distribution of potential which are observed In the JBS rectifier 
when a reveree bias off 0 V is applied to the JBS rectifier. Also, Rg. 4A shows the cross section which each 
depletion layer 24 has when a reverse bias off 3 V is appfied to tiie JBS rectifier, and Rg. 4B Ulustrates ttie 
. distribution off electric charge p, the distribution off electric field 
'as are observed when a revere bi^ off 3 V is appfied to the JBS rectifier. 1^^^ 

Schotttcy banier metal film. PkHted on the xsoas In Ffe. 3B and 4B is tt» deptti of that portion of ttie 
substrate whfch is tocaled between any two adjacent P*-type sificon areas ia 

As is evkJent from Rgs. 3A and 3B. a specific charge is accumulaled in ttie surface off ttie INT-type 
sificon layer 14 when a reverse bias Vr of 0 V is applied to ttie JBS rectifier. As is shown in Rgs. 4A and 
4B. ttie distribution off electric charge p has a square profile when a reverse bias voltage Vr of 3 V is 
applied to ttie JBS rectifier. In ttHs case, ttie distribution off eleclric field E and ttie distribution of potential 4^ 
have similar profiles. The maximum intensity ^ off ttie electric field and ttie maximum potential V* botti 
shown In Rg. 4B, are given: 

46 Vd = -{qNdW2y(26s) 



50 



Where Nh is ttie impurity concentration off ttie rr-type silk»n teyer. W Is ttie widtti of ttie depletion layer, 
and cs is ttie (fielectric constant Off sificon. ^ 
As is understood from ttie profile of electric fieW (E) distribution has a high gradient Therefore, ttie P - 
type sllkxm fayer cannot serve to provide adequate depletion-layer effect The higher ttie breakdown voHage 
ttie JBS rectifier is to have, ttie deeper ttie P*-type ^ficon layer must be, and ttie tower ttie cunrent 
efficiency ttie substrate InvitaWy has. , . ^ 

As has been described, ttie orcBnary Schotttcy banrier dkide. whose forward voltage Is tow and whteh 
can operates at high speed, have a tow reverse breakdown voltage and a large reverse leakage current The 
JBS rectifier, devetoped to have a high reverse breakdown voltage and a small reverse leakage current has 
an N"^ype silicon fayer whfch defines a Schotttcy junction witti ttie banrier metal film and whose surface 
ar^a is smaller ttian ttie area of ttiat portion of ttie f^-^ silfcon layer contacting ttie metal film by ttie 
sum of ttie areas of ttie P^Hype silicon layers. The current efficiency off ttie substrate is Inevitably tow 
ttKXjgh ttiat surface area off ttie substrate whteh contacts ttie barrier metal film is comparativety large. The 
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area at wTiich each P^-type silicon layer contacts the barrier metal film may be reduced to irtcrease the 
cunent efficiency, but can not be reduced so much since the reverse breakdown vott^e of the JBS rectifier 
is directly proportional to said area. 

The P -type silicon layers can be arranged at longer intenmis thereby to increase the area occupied by 
5 the N~-type sificon layer. However, the longer the intervals at which the P'^^-type silicon layers are arranged, 
the more the reverse leakage current 

It is the object of the present invention to provide a semiconductor devk^ comprising a Schottky barrier 
cBode. in whk:h a PN junction is formed on a semiconductor layer kxsded below a banier metal film, the 
current efficiency of a substrate is high though that surface area of the substrate which contacts the barrier 
10 metal film is comparativefy small, and the reverse voltage Is not so high when a continuous depletion layer 
is formed, thereby decreasing a reverse leakage cunrent 

Acoonfing to the present inventkin. there Is a semkxmluctor devtoe: a semiconductor substrate having 
first and second major surfaces and Inchiding a first semiconductor layer off a first conductWity type, a 
second semiconductor layer of a first conducthrity type formed on the first semkxinductor layer and having 
IS ari nfhpuriiy concentration tower than that of the first serniconductor layer, and a third serniconductor layer 
formed between the first aid the second, set In Schottky contact with the second metal film, and having an 
impurify c o ncentr atfo n tower than that of the first semiconductor layer and tower than that of the second 
semtoonductor layer, first metal film fbnned on the first major surfece off the semtoonductor substrate, and 
contacting the first semiconductor layer; second metal film formed on the second major surfece of the 
20 semiconductor sut)strate; and a plurality of semtoonductor areas of the second conductivity type, formed in 
the second major surface of the sem i conductor substrato, contacting the second metal film, and extemfing 
through the second semkxxnductor layer and reaching at least the third semiconductor layer. 

The aforementtoned aspects and other features of the present inventton are explained In the fbOowing 
descri p tton, taken in connedton with ttie accompanying drawings, in whtoti: 
25 Rg. 1 is a secttonai view showing a conventtonal semiconductor devtoe; 

Fig. 2 is a secttonai view showing another conventional semiconductor devtoe; 
Rgs. SA and 3B are a schematto vtow showing the depletton layers lomied in the conventional ctovtce 
shown in Rg. 2. and a diagram representing the relattonship among the distribution of electrto charge p, the 
distributton of etoctricfiekl E. and the cfistribution of potential ^ observed in the semiconductor device: 
30 Hgs. 4A and 4B are respectively a schematto view showing the depletion layer formed in the 

conventional devtoe shown in Rg. 2 when the devtoe is placed In a dUtorent condifion (Rgs. 3A and 3B), 
and a diagram re(»resenting the relafionship amorig the distrSHJtion of electric charge p, the distributton of 
electric fietoE,,and the distributton of potential ^obsen/ed in the devtoe pia^ . . 

Rg. 5 is a sectional view showing a semiconductor device according to the present invention; 
as Rg. 6 Is a schernatto representation of the substrate ol the semtoonductor devtoe shown in Rg.5; 

Rgs. 7A and 7B are a secttonai view and a plan view, both Olustrating the arrangemen t of the P^-type 
sificon areas ol the device shown in f=ig. 5; 

Rg. 8 is a sectiorad view showing the depletion layers whtoh are formed in the devtoe illustrated in 
Rg. 5, when a reverse bias Vr off 0 V is appfied to the devtoe; 
40 Rg. 9 is a sectional view showing a depletion layer whtoh is formed in the devtoe Illustrated in Rg. 5. 

wh^ a reverse bias Vr of a value greater than 0 V is appBed to the serntconductor devl^^ 

Rgs. 10A and 1 0B are a schematic view illustrafing the depletion layers formed in the device shown 
in Rg. 5, and a diagram representing the relationship among tiie distrftMition of electric charge p, the 
distribution of etoctric fiekl E. and the distribution of potential ^. witich Is obsen^ in ttie device; and 
45 ^ , Rgs. 11A and 11B are respectively a schematic view showing the deptetipn layers formed in the_ . ^ 
device shown in Rg. 5 when tiie device is placed In a dtftorent concfition {pgs. 10A iand 10B), and a 
diagram representing tiie relationship among ttie distribution of electric charge p. ttie distribution of electric 
fiekl E, and ttie distrftnition of potential ^ observed in ttie device placed in ttie different concfition. 

Some preferred embodiments of the invention wiD now be descrtt)ed with reference to the accompany- 
so ing drawings. 

Rg. 5 is a cros&-sectional view illustrating a junction b^rier-controlled Schottky (JBS) rectifier accorcfing 
to one embodiment of the present invention. The JBS rectifier has a semiconductor layer, cathode electrode 
film 32 formed on ttie tower surface off ttie semtoonductor substrate 30, and an anode electrode film 34 
formed on ttie upper surface of a semicomkjctor substrate 30. The tower surface of the cattiode etoctrode 
55 film 32 defines ononis^ surface of ttie substrate 30. vvhereas the a^ 
major surface of ttie substrate 30. 

As Is shown in Rg. 6. ttie semtoonductor layer to comprised of a semtoonductor layer 36 (hereinafter 
caitod "N^^type teyer") of a first conductivity type 0^.. N-type) fbnmed on ttie cattiode etoctrode film 32. a 
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: i . swiiicondudDr layer 38 (herejnaftBrjCaUedi^M?:^*^ layer*) of the firsl.cqnductiv^^ rr.-iv::-na^i3f.e^Heo, 
type layer 36 and having an impurity concentration fi^.. 10« atomsA:fn3X a semiconductor layer 40 of the 
first conductivity type (hereinafter called "N— -type layer") Ibnned on the N--type layer 38 and having an 
impurity concentratioo (i.e.. 10^* atoms/cm^) lower than that of the N--type layer 38, and a semiconductor 
5 layer 42 of the first conducthnty type (hereinafter called "hT-type layer) formed on the N— -type layer 40 
and having an impurity concentration (l.e., 10^« atoms/cm^). The four sHicpn layers, l.e., the N -type layer 
36, the N--type layer 38, the 14— -type layer 40, and the fT-type layer 42 are made of singleKaryslal 
silicon. 

The anode electrode film 34 is made of a S^w ttky'-terper metal such as titanium (Ti, Mo, V). and is 
f 0 fonned in the opening off an dSaarffiST*! which is formed on the second major surface of the substrate 30. 
A plurality off semiconductor areas 46 that of the substrate 30 is formed in the second major surfface of the 
substrate. These areas 46 (hereinafter referred to as "P^-type layers") has the conductivity type opposite to 
that of the substrate 30. They contact the anode elednxle film 34 and extend downward throi^h the 
- type layer 42 and the N— -type layer 40 and Wo the ir-type layer 3a A guard ring ja yerjg (hereinafter 
IS called "Retype layer") is fonned in the surface of the substrate 30, sunour^^ 
•30 in which the P*-type areas 46 are fonned. The P*-type layer 48 inc^^ 
JBS rectifier. A channel stopper layer 50 (hereinafter lefenred to as "N*-type layer") Is also fonmed in the 
surface of the substrate 30, sunounding the P*-type layer 4ft thereby preventing a depletion layer from 
expanding in the hori-zontal direction In the substrate 30. Iff necessary, a P -type layer, or a high-votlage 
20 tonninatlon layer, can be formed in the surface off the substrate 30 and between the P -type layer 48 and 
the N*-type layer 50. 

The JBS rectifier shown in Rgs. 5 and 6 is manufactured by means of the known method. As is 
illustrated in Rg. 6. the W-type layer 38 having a thfekness of 3 to 4 um Is fonned on the N -type layer 36 
(l.e., a semiconductor wafer). Then, the l^-type layer 40 having a thtekness off lum is formed on the N"- 
25 type layer 38. fftoct, the N^-type layer 42 having a thfckness of 1 um Is formed on the N— -type layer 40. 
The layers 3ft 40, and 42 are formed by means of epitaxial growth such that they have the impurity 
concentrations specified above. Altemalively, the layer 42 can be fonned by Implanting tons off the impurity 
into the surface off the layer 40. in this case, the layer 40 must be 2 um thick. 

Thereafter, the oxWe film 44 is fonned on the rr-type layer 42. Phosphonis (P) are Imptenled Into the 
90 substrate 30 by a known method, thereby fonning the N*-type layer 50. Further, boron (B) are implanted 
into the substrate 30. thus forming fiie P -type areas 46 and the P*-type layer 48. Titanium (Tl, Mo, V) is 
deposited in the opening of the oxide film 44 by means of sputtering or vapor depositton, and aluminum 
(At) is deposited, thereby forming the anode electrode film 34. 

As can be understopd from the, above, the JBS rectifier has a substrate 30 consisting of fo\^ 

X $emkX)nduchM' layers, i:e.. tt»^ 

type layer 42. It furtt»r comprises a plurality of P*-type areas 46 formed in the s 

sut>strate 30. tt» areas 46 extending downward through the IT-type layer 42 and the IT^-type layer 40 

into the fT-type layer Sa 

In operation, a forward bias Is appfied between tiie anode electrode film 34 and ti)e catiiode electrode 
40 film 32, generally at tiw value of voltage as the current begin to flow tiiat of SBD Is smaller tiian that of PN 
Junctio dkxte. Then , a cunent flows from the film 34 ttirough ttw N^-type layer 42, the N— -type layer 40 , 
the N--lype layer 3ft and the N*-type layer 36. The current finally flows into ti>e catiiode electrode film 32. 
As a result ti» forward-voltage drop decreases, and ttie JBS rectifier exWbite a fonward-voltago characteris- 
tic very similar to ttiat of tiie ordinary Schotticy-banrier diode. 
45 In Rg. 5, tiie two-dots, one-dash fines indicate tiie regions 52 tiirough which cunrents should flow if no 
depletton layers were fonned in the substrate 30. Actually, a depletion layer is formed in tiie PN junction of 
' * IhS JB^^^ ' ^ 

relationship which ttie Impurity concentration of an r*-type layer and tiie widtti of a depletion layer fonned In 
tiie N-type layer have tiie ff^type layer fbnns a step-shaped PN-junction jointiy witii ttie hight Impurity 
60 off P-type region. The N-type layer Is eqiavalem to tt» -*ypo 
layer 40. The N^Mype layers 38 and 42 have an impurity concentration of 10^« atoms/cm^, whereas ttie 
l^-type layer 40 has an impurity concentnation of 10^* atomstem^. A reverse bias Vr appfied to ttie N" 
type layers 38 and 42. and ttie ffWype layer is 0 V. or 40 V whereas a reverse bias Vr a^^ 

type layer 40 is 10 V. 

55 
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Impurity Concentrations of 
N-type Layers (atoms/cm^) 


Widths of Depletion 

Layers (M-m) 


Vr = OV 


Vr = 10 
V 




0^ 


1 




3.5 


10 


Note: Vr is the reverse bias. 



15 As fe evident from Table i, the - 
than the deptotton layer formed in the N-4ype layers 38 and 42. The localiorw of the P*-type areas 46 are 
detemiined In accordance with the data shown in Table 1 to satisfy two specific conditions. The first 
comfition is that a depletion layer formed In the N" -type layer 40 virtien a low reverse bias fmducfing 0 V) 
is applied to the JBS rectifier pinches off the current patii and that does ot pinch off tiie cunrent path when a 

20 forward bias is applied. The second condition Is that the area in which the anode electrode film 34 contacts 
ttie ITHype layer 42. thus defining a Schoktky contact Is as much greater than the contact area between 
the P^4ype area 46 and the substrate 30 as is p06slt>le. 

Fiirther. the P*-type area 46 is formed such that the depletion layers formed in tiie substrate 30 when a 
forward bias is applied are not connected one anottier to pinch off the patti of the forward cunrent. and also 

25 that the depletion layers formed in the sitetrate 30 when a reverse bias Is appGed are connected one 
another to pinch off the patti of the reverse leakage cunrenL 

Rgs. 7A and 7B are views illuslrating the anrangement of the P*-type areas 46. As is shown in these 
figures, the upper surface of each P*-type area 46 is a square whose sides have a length ti . The araas 46 
are spaced apart from one anottier for a distance of I2. In ttiis embodiment I1 and I2 are. for example. 5 

30 um and 10 um. respectively. The areas 46 have a depth of about 2 tun. When a reverse bias Vr of 0 V 
applied to the JBS rectifier, a depletion layer having a tiiickness of 3.5 um will be fbrmed around each P - 
type area 46. In this case, ttiat portion of the N^-type layer 42 which is located between any two adjacent 
P*-<ype areas 46 will have a width;Of 5 iim. - -r-^ - ^ - * > - . ... .t.«. .vv v: 

The region allotted to each area 46 has an area of Is 100 nm^ (= 10 um x 10 um). Of tills area. 25 

35 um^ is occupied by ttie area 46. Hence, the area in which the N^-type layer 42 contacts the anode 
electrode film 34 is 75% of ttie area of the region allotted to each area 46. This value of 75% is mud) 
greatm- than in ttie conventional JBS rectifier, and the substrate 30 has a current efficiency much higher 
ttian that of the sutistrate of the conventional JBS rectifier. 

When ttie reverse bias is applied between ttie anode electrode film 34 and the cattiode electrode film 

40 32. ttie PN junction located between each P*^ype area 46 and ttie N— -type layer 40 is revers^ased, 
and a depletion layer develops and expands Into ttie N— 4ype layer 40 which as a low impurity 
concentration. Finally, ttie depletion layers formed in ttie layer 40 contact one anottier, forming a single 
depletion layer. This depletion layer pinches off ttie cunrent patti. ttiereby decreasirig ttie increase of ttie 
reverse lealoge current Ther^bre. ttie JBS rectifier has a reverse-cunent characteristic which is 6)ctremely 

,45, «iTMlartottiatpf th^ , .^^^^ .^...^^^^ 

The reverse bias for pinching off ttie cun^ patti should be as low as possible, in order to Improve ttie 
reverse-current characteristic of ttie JBS rectifier. As has been pointed out ttie M -type layer 40 has a low 
nnpurity concentration, so ttiat ttie current patti is pinched off when a low reverse bias Including 0 V Is 
appBed between ttie anode electrode film 34 and ttie cattiode electrode fil^ 
50 type layers 42 have an impurity concentration higher ttian ttiat of ttie N ^-type layer 40. so ttiat a desired 
Schottfcy banrier is formed to allow only a relatively small fonrard voltage drop. In ottier words, ttie IM— -type 
layer 40 having a low impurity concentration serves to pinch off ttie current patti, whereas ttie N"-type 
layers 42 senre to form a desired Scholticy barrier. Any two adjacent P^-type areas 46 can be and actually 
so wide a gap in ttie N4ayer as ttie current patti need not be |3inched off when ttie reverse bias is applied 
5S to ttie JBS rectifier. Since ttie gap between any two adjacent P*-type areas 46 Is wide, ttiat surface area of 
esOi N'-type layer 42 which forms a Schottlcy junction is suffidentty large. 

Rg. 8 is a digram showing ttie depletion layers 56 which are formed when a reverse Was Vr of 0 V Is 
appRed to ttie JBS rectifier (Rg. 5). F^. 9 Is a dteigram ilhistrattng ttie depletion layer 56 which is formed 
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in the case shown in Rg. 8, ttwl portton 58 of the layer 40, which is located between the two depletion 
layers 58 formed around any adjacent P*-type areas 46, sewes as a cunent path. This cunrent path {i^.. 
the portion 58) expands when a fonvard bias Is appTied to the JBS rectifier, and a forward current Is thereby 
6 made to flow. Therefore, the substrate therefore has a high current effidency. and the JBS rectifier exhibits 
a fbrwardcunent characteristic ^dremely similar to that of the conventional SBD rectifier. If ttie cunrent path 
(i.a, the portion 58) is formed when forward bias is appHed to the JBS rectifier. The depletion layers 56 can 
expand through out tire l^-type layer 40, thus fbnning a single depletion layer. Even in this case, cunrent 
paths are secured since the N~-type layer 42 has some portions In which no depletion layers are fonmed. 
10 In the case shown in Rg. 9. a single depletion layer 56 is formed in tiie layers 38. 40. and 42 since ttie 
reverse bias Vr is higher than 0 V. The depletton layer ranches off the cunrent paths. As a r^ult, tiie 
Increase of tiie reverse leakage current decreases which has resulted from tiie Scholtfcy junction. The 
reversoKairrent characteristic of the JBS rectifier is improved, becoming very similar to the reverse leakage- 
current characteristic of the ordinary PMiunction diode. 
IS In tiie embodiment shown in Rg. 5. the P*-type areas 46 can be formed in tiie layers 42 and 40 only, 
not extending into tiie N--type layer 3a Also, Ihe P*-type areas 46 can take a shape diffSorent from that 
shown in Rgs. 7A and 7B. Rjrthermore. the sid)strate 30. whfch consists of four layers 38, 38. 40 and 42, 
can be replaced by one whfch consists of ttwroe layers. e.g., an N*-type layer, an IM" -type layer formed on 
the N*-type layer, and an rr-type layer formed on ttie N— -type layer. If this is the case, the areas 46 can 
20 be fbnned through tiie N~-type layer and in the N-4ype layer, whereby the sane ^ 
by tiie substrate 30 comprised of the four layers 36, 38, 40, and 42. 

Generally, the tower the impurity corK»ntration of a semteonductor layer contacting a Schotticy-t>arrier 
metal film, the higher tiie Schotttcy banrter is formed in tiie semiconductor layer. Hence, a Schotticy banrier 
fbnned In an N— Hype layer contacting a barrier metal ftim is higher ttian a Schottky banrier fonned In an 
25 N~-type layer, and causes a greater fonward voltage drop. Hence, when tiie substrate 30 is comprised of an 
N^Hype layer, an N--type layer on the N*-type layer, and an N" -type layer on tiie N--type layer, tiie 
depletion layer is thin, and tiie electric field wittiin the depletion layer has a high gradient Consequentiy. tiie 
depletton layer cannot wittistand a high reverse voltage. In ottier words, tiie banier effect of tiie depletion 
layer decreases. Nonettietess, tWs proWem does not arise If tiie ttiree-layer substrate is of N -type, beskie 
so anode metal N"-, rj—-, hr-types. Needless to say, tiie problem does hot arise In the JBS rectifier shown in 
Rg. 5. wherein the N--type layer 42 contact tiie anode electrode film 34. 

Rgs. 1QA and 108 are a schematic vtew showing tiie deptetion layers formed in tiie JBS rectifier when 
a reverse voltege of 0 V is applied to tiie rectifier, and a diagram representing the relationship which tiie 
. ^, , ^ (fistribution off etectric charge p. ttie distribution of eleclric fieW E and tiie distribution df potential ♦ have 

^ when a reverse bte of OV is apipirie^ 

schematic view showing the depletion layers formed in ttie JBS rectifier when a reverse bias of 3 V Is 
appBed to ttie JBS rectifier, and a diagram representing ttie relationship whtoh ttie distribution of etectric 
charge p. ttie distribution of etectric fieW E and ttie distribution of potential ^ have when a reverse bias of 3 
V is appBed to ttie JBS rectifier, m f=lgs. 10A, 10B, 11A and lib. M designates ttie Schotticy-barrier metrf 
40 film. In Figs. 10A and 11A. ttie ttiickness of tiiat portton of ttie substrate 30 whtoh is located between any 
two adjacent P*-type areas 46 is ptotted on ttie x a)ds. 

As Is evident from Rgs. 10A and 10B, a specific amount of etedrical charge is accumulated in ttie 
surface of ttie l^-type layer 42 when a reverse bias of 0 V isappOed to ttie JBS rectifier. In contrast, as is 
evWent from Rgs. 11A and lib, an electrical charge Is dispersed ttirough ttie l^-type layer 42 into ttie 
45 N— -Type layer 40 when a reverse bias of 3 V Is applted to ttie JBS rectifier. Thus, ttie profite of charge- 
distribution extends horizontally, whereby tiie cfislributions of electric field and potential have gradiente^more 
grintie ttiai those Ih ttie cbnvertloha^dert^ 4B): The depl^on layers fomied around ttie P -type - . 
areas can setye to improve the reversa-cunrent ctiaracteristic of the JBS rectifier. 

As has been described. In ttie JBS rectifier according to tiie present invention, a de^rod Schotticy 
50 barrier is formed in ttie N--type layer contacting ttie Schcrttfcy-banrfer metal film, and ttie N -type layer 
serves to pinch off ttie current patti when a reverse bias is applied to ttie JBS rectifier. Therefore, ttie area 
occupied by ttiose porttons of ttie ITHype layer whtoh contect ttie Schotticy-banrier metel film increases, 
and ttie JBS rectifier has a high current dfidency for ite peUet si2e and an improved reversoKamrent 
ctiaractenstic. 

55 Reference sl^iri ttie d^saro intended for belter understand^ 
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1. A semiconductor device comprising: a semiconductor substrate having first and second major 
surfaces and indudirig a first semicondudor layer of a first conductivity type, and a second semiconductor 
layer of the first conductivity type , having an impurity concentration lower than that of the first semiconduc- 

s tor layer, first metal film formed on the first maior surf^ of said semiconductor sut>strate, and contacting 
said first semiconductor layer, second metal film formed on the second major surface of said semiconduc- 
tor sid>strate; and a plurafity of semiconductor areas of the second conductivity type, formed in the second 
msjor surface of said semiconductor sut)8trata. contacting said second metal film, said semiconductor areas 
of the second conductivity type being formed in said second semiconductor layer and reaching at least said 

10 second semiconductor layer. 

characterized in that a third semiconductor layer (40) Is interposed between said first semiconductor layer 
(36) and said second semiconductor layer (42) and having an impurity concentration lower than that of said 
first semiconductor layer (36). and said semiconductor areas (46) of the second conductivity type extend 
through said second semiconductor layer (42) into at least said third semiconductor layer (40). 
' ''"is 2. A device according to claim 1, characterized in that said iserhiconductor areas (46) of the second 
conductivity types are located such that cfiscrete deplefion layers (56) are formed around the respective 
semiconductor areas (46) of the second conductivity type when a fon^rard bias is applied to said 
semiconductor substrate (30). and a continuous depletion layer (56) contacting the semiconductor layers of 
the second conductivity is formed when a reverse bias is applied to said semiconductor substrate (30). 

20 3. A device according to daim 1. characterized by further comprising a fourth semiconductor layer (38) 
of the first conductivity type interposed b^ween said first and third semiconductor layers (36. 40) and 
having an Impurity concentration lower than that of said first semiconductor layer (36) and higher than that 
of said third semiconductor layer (40). 

4. A de^nce according to dam 3, characterized in that the impurity concentrations of said second and 
25 fourth semiconductor layers (42, 38) are at most 10^^ atoms^cm^. and the impurity concentration of said 

thifd sendconductor layer (40) Is at most 10*^ atomsAcm^. 

5. A device accorcfing to 3» character i zed In that said second and third semiconckictor layers (42. 
40) have a thickness of about 1 urn, and s^ fburth semiconductor layer (38) has a thickness of about 3 to 
4um. 

30 6. A devk:e according to daim 1, charactorized in that any two adjacent ones of said semiconductor 

areas (46) of the second conductivity type are spaced apart from each other for a distance equal to the 

width of the adjacerrt semiconductor areas (46). 
/V -I ? » . 7. A device according to, daim 1. characterized, in. that saw fir^ ; 

N^4ype sificon. said second semiconductor layer (42) is made of rr-type i^licon, said third semteonductor 
35 layer 40) is made of N~-type sificon, and sakl semtoonductor areas (46) of the second conducthnty type 

are made of P*-type silicon. 
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